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by  the  bocict y pf  AmrrW* 

- l'flninl  In  u;  ».  A - - 

Control  Tower  Language 

I’.  If.  l'*HH’k  AMD  \V.  tl  -SlIMIlV 

Ihutiyin  ktwitrft.i  XcM'itkli  J.iiluTiitfrin,  IIhIUhh  Mr  1‘ntcr  line,  W'liihinctnu.  I>,  (?, 

(Ur-crlvfil  July  II,  1052) 

Mlmimon  mul  otit>*in  luive  t*»limuieil  tluil  wrillrn  KnidUll  In  at x in l til)  |M-r<:cill  redundant.  U’iit'oo  NilhluUe* 

Biv  arrived  »l  |,y  cuMniili'iiun  liti||utiii|r  • •matt uin I » mi  our  nf  ul  >|iii<  li  fyinhoU;  limy  tlo  nut  uunli.lw 
Ufliljt nmol  t <■»! rli'l iotiM  lull II nil’ll  I IV  till’  nuiliciiir  mul  I lii*  nlloiilliin  In  which  l litt  <|ii'ilki‘r  liOils  lillllai’ll.  Ill 
(I|t|cr  to  cal  ililitl  0 tin'  cilia  I a ill  an  i li  imnlliiKiiiuU,  i uiulniiilU,  mi  liilm  nuiUnii.il  itnitlyalN  llttH  hl'i'll  nuulo  of 
I till  "ijulilmiuuiini'"  unfil  ill  tin'  I mi  1 1 ill  ill  nil  flu  (I  h.V  Air  Inn  i'i  mil  nil  tuwi’F  ii|ii'iittnia.  Will’ll  Ilia  »ll!!Ullilliltl, 
im  wull  ut  liiiuiiinlli , 1 1 m I m I a mu  liikiui  Hilo  naouiil,  llin  i-aliiii.iliil  rcrliliiilnru-y  In  nilm'il  In  ’it)  permit, 


HOW  Informative  a pjven  speech  sample  is --how 
imul)  Wit  HUV  •« lf| >C*li* la  In  II  Inrjm  extent  mi  how 
much  we  iiiiyhl  have  said. 

"Siii'iikiiiy,  KnjrlisIT’  ini] »« certain  louKtruinls  on 
our  uni*  nf  linguistic  svmliols.  The  individual  elements 
pliiinemes,  letters,  wools  -which  mtikc*  ii| > our  vnrah 
uliiry  urc  Mul  uscil  rr|iiully  often  ami  they  art*  not  coin- 
I lined  at  random.  In  addition,  tin*  rules  ol  crammer  mul 
the  desire  to  make  sense  impose  n-slin  lions  on  the 
order  in  tvhieli  croups  ol  these  ■.vmliols  m-  -unim- 
lopelher.  lit  short,  kimwinc  the  ianj’uare  ol  llie  speaker 
implies  that  we  know  i|mle  a lot  ahum  i he  tide  whn  h 
i;o\vi n Ins  seleelion  ol  speei  h svmlini  . li  means  ilia! 
we  are  leas  nneerlain  ahonl  uh.,t  w ill  lie  .‘..ml  T v 
would  lie  il  tin:  speaker  did  mil  upei.ite  umlei  ihe-.i 
known  rest rii  tiuns. 

M we  ilehiie  mlormniion  1 1 ausun  emu  a-,  tin-  i in  “i 
chi'liCi*  Ul  our  , / /in’, in  iimcrlainlv,  liieu  we  mu  I • 

I hat  I lit’  Kllj'li-.||  liiucu.1,1’1’  • mu  e\  s le  .s  mlo|  Ilia  I loll  I ha  n 
il  could  luinvti.  Till  1 1.  Itt*  lion  in  mini  null  ion  that 
occurs  when  we  pass  Imm  whirl  nujtlit  have  Ins  u 
said  (uiven  the  same  vni  almliirv ) to  what  m l.uallv  ■ 
said  is  called  "redimil.uii  \ 

Spei  ial  lliuemil'.es  » mil,  p.itin.,  lisiim'.d  talk  -1111 
involve  adihl iotltll  re  ,1  rn  I urns  and,  lot  the  hsleuei 
ftimilim  with  litem  entail  mctraM-d  leilumlam  s 
Wlial  we  wish  lo  do  here  is  to  i oiisiiler  one  patlu  ulat 
liilhlancuaee  of  Kueh  h and  estimate  the  n-rim  turn  in 
iiifonnal ton  transmission  from  wiiat  mul'l  he  Iran' 
milled  usittc  alplmhei ieal  si-quemw  The  laueiiuj'.e 
coiisideird  i-  1 1 i>i  I used  m the  imiliol  of  aiicnili  la’ 
the  operaloi  ul  a iiiiiirol  lower  at  a military"  atrliase. 
It  i>  made  up  ol  snilejl-cs  Ilf. e ; "Air  Ioim-  520-1. 
I\radv  r.mnher  one  in  lake  oil  position.  Uvei  ” <*r: 
"I'Aiend  your  Imse.  We  haw  a < '-M  on  tmal," 

These  mess.it'et.  lorm  it  suhsel  ol  the  s<  ( of  ill!  pos.ihie 
Kiif’li’.li  sent  cm  es  whn  h in  turn  l->  a niihsel  wi  i’il 
possible  Klii;lislt  ie! In- sequences 

Wiilil  this  menus  can  lie  illustrated  hotly  simple. 
All  that  ’*  i-  t|iiir>’ii  is  for  von  to  imai-me  tbe-scl  of  till 
j mssihli  |” i.ilijtlltimf!  ol  I he  Kii|>Si**h  alphabet  and  il 
spiue  symbol.  .lint li  point  in  I h in  set  repll'Kcnts  a 
possible  sequence  1 1 r le  tiers.  ■ 

We  could  now,  in  principle,  pn  llimuch  this  sec  ol 


ttccepialile  as  lundish  sfiilcueeH.  ThW  will  cleurly  cul 
down  Ihe  sire  of  nor  original  set.  The  knowledge  tlinl 
we  are  opera  tine  within  thin  suhsel  of  Kiiglihli  Hcnknce* 
reduces  our  initial  mu erluinty.  And  Shannon1  lias 
developed  a leelmii|Ue  I ha  I permits  us  lo  estimate 
how  much  litis  rnlmlioti  amotmls  lo,  Ksnonlially,  we 
ask  our  suhjei  is  lo  ifiicmh  at  successive  lellors  of  Kiiglifth 
text.  When  we  do  t his,  we  lind  that  the  subject  inn_ 
exploit  Ids  implicit  knowledge  of  the  statistlral  structure 
of  the  lancuaci*  ami  predict  the  Ktif{llsh  sequence 
i oii'.iderahlv  heller  than  he  call  predict  sequences  of 
let  lers  chosen  a I rnmlom. 

If  we  now  a:.k  the  •iame  sttliiecht  lo  ^ucss  ill  the  Icxl 

, oi.ii,, I to/.rr  tae:  tuti'.;".,  we  lind  that  prediction  is 
si  ill  I'm  t her  improved.  The  mu  erluinty  of  out  sulocels 
was,  on  ihe  a\ crayc.  aliout  If"  ]-ercent  of  .thrir.  un.'*p.r- 
t.iini  v i emu i line  random  «ci  incnees  of  lot  lers  ami  spates 

in.-i i ic.  ol  i nurse . aulijecls  who  arc  familiar  wlflf 
imiliol  lower  lao^mtt'e,  They  wete,  In  fact,  control 
town  operators.  (Art  dally,  people  who  are  not  ptm  llietl 
in  lids  -.imiipe  suhlatiKiuiKe  do  just  idiqut  an  wcllr 
The  airplane  and  its  coni  ml  Ims  uppurimlly  hopil 
iili'iorhed  into  our  linguistic  culture,)  ••• 

However,  this  is  still  an  ovcrestimale  of-  the  mu*« 
ceriaittty,  or  tmpretllclahlllly,  of  mossaKcs  In  the  actual 
situalion.  The  tijriire  ,'thove  la  arrivrd'ul  when  we  scleCk- 
letter  sequences  at  random  from  the  set  of  lltlinisplblj, 
tower  messages.  In  any  uiven  iuslaiiic,  the  nifistutgp Js, 
ol  course,  not  peiierated  ul  randoiri,  The  |iili)t,  for 
example,  knows  whether  In:  is  litmfiuu  or  lakhifj  dlT.iuiil* 
ilo-.  f I lie  ailuul  imul  ronlevl)  ftirllter  reslricls  I lit!  SC  I 

ol  | mt--.il ilc  me.sSm-'es.  c ' 

In  e.'dci  lo  eslimale  tliet.!.-  iHiiivlionul- cqi)atr;iliiL<j 
Wri  ots^i-ihed  ;h"«i|)  of  hy;*ythcULiil  .situuTiunsricc 
icn"';  '4Ts-'sv»ri it  idiots  anii^xjd  thonr •j/gjimlici.Uie* 

li.i-rr  l-\.r  practuM'.  re, cions  ,vr  could  not’ 

id  Shan n<y iV.  Rttirte  terlmique.-so-wu  adopted 

im-'iincr  llt’vi'  1-.  Com" ’ '.V- 

'The  mrssuyeu  tiie  pilois  predicted-  for  .iig-jiic ■•I'iiUtuj'-'. 
easily  rplil  up  Info  conlC'iiL.uiilhs''/plia'crH.-|liar-|iiixn  tin.-- 
same  uieanliqy'-'  c-li-.  year  down  aii;l  locked,  pear  hi  the 
..(•rern-  or  that  ditfer  only  with  rpspecl  tq  ijiu  niindirifk'/ 
or  place  names  inviiiveriir:  I’umvay  v.eio  tdut.  nmway 


letter  sequetuen  and  mcIci  I out  those  i-.ei jiienceji  that  art:  ' C,  IT -.(slmutooi,. r|ti':  J. 
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iiif»»ni(o  iu’1  uml  ci)ii*rc|tii>nl  rnliiilmn  in  iiiUL'iluinly  I/O  jik 
udditiumtl  nicHugc  renlut'linim  nrc  Ukcn  into  .inuuiil. 

two  zero.  A message made  up  of  a seqiicint  of  these 
message  units,  And  it  is  at  Uiis  level  Mini  the  immediate 
situation  seems  lo  o| icntic  l»y  deimniuiiig  what  message 
units  will  be  selected  uml  in  wliaf  order  they  w ill  mein . 
These  units,  thought  of  a*  Idler  seqiieines,  me  Mibic<  i 
lo  the  linguistic  constraints  Mint  we  lui\e  nlicmlv 
estimated,  in  effect , we  ha\e  the  phvsnal  Miuntnio 
determining  Mie  gross  uncenainly  of  Mir  message  im 
terms  of  content  units)  and  the  liueui'.in  lou.iimui  ■ 
determining  llic  uncertainly  of  Mie  units  i.e.  wqiii'iii  <•* 
of  letters  and  spaces), 

To  illustrate,  let  iih  mnsidrr  a speiitu  i me  the 
pilot  is  told:  Volt  are  I'omiii y in  In  lun,i  I'nliny  on, I 
visibility  unlhnilf;l,  Yon  Iio\t  jit  si  10II0I  in:  " IWnvf 
Tiru'ff.  This  is  Air  Tone  IJ.il.  liiyju  wiles  umlli  vow 
SllUillll,  J.tllltliltg  iilsiriiili.ws  filnisr."  K.uh  slalrmcnl 
sets  up  additional  rest ru  lions  on  Mie  set  ol  possible 
tower  messages, 

II  we  now  look  at  the  actual  db'lnbiiiion  <>1  predicted 
messages  which  we  obtained  in  the.  i.ee,  we  tied  ih.it 
they  are  sequences  of  scire  time.  inun  only  It  message 
units  Furthermore,  these  elrim-ni',  d>>  not  appeal  with 


equal  frequency,'- nor  does  any  single  message  include 
all  U elements.  A large  number  of  possible  messages 
thus  turn  out  lo  lie  impossible  or  at  any  rale  highly 
Jmprohahle.  'Hie  message  set  Is  thus  further  reduced, 

busily,  tills  language  lias,  at  the  level  of  content 
units,  Its  own  peculiar  grammer,  known  as  UT  proiolure. 
The  pilot  knows  lids  procedure  (though  ours  didn't 
know  it  very  well)  and  this  procedure  fixes  the  order 
In  which  particular  units  are  selected  lo  make  up  the 
preilic led  message. 

With  kucIi  a Hinail  sample  we  cannot  determine  the 
total  elici  t of  these  sequential  dependencies  in  restrict-, 
ing  the  message  class,  liul  we  can  estimate  these 
i oust t a ii 1 1 s over  two  or  three  units.  When  we  do  tills 
tor  this  particular  ruse,  we  find  Mint  the  pilot's  uttcer* 
taint y of  the  message  (in  terms  ol  content  units)  is 
aboil t HU  percent  less  than  it  would  have  been  if  the 
units  were  equally  likely  and  messages  were  generated 
by  a random  select  ion  of  content  units  (with  no  repeals). 

This  iigure  of  HP  percent  varies  somewhat  with  the 
part  if  tilin'  situation.  For  the  IS  different  situations 
Mud  we  chose,  il  averages  H(>  percent, 

In  other  words,-  Mie  situational  context,  including 
Mir  pilot's  knowledge  of  procedures,  reduces  the  gross 
mu  ci  taint  v oi  Mie  message  about  Ho  percent.  Linguistic 
■ mi-a  rail  its  i ed  m e I lie  lesidual  uncertainly,  in  terms  of 
tetter  sequela r,,  another  7.2  percent— giving  us  an 
euno. iied  i ed  it  i ii  la  i ii  y , with  respect  In  what  could 

have  bn  ii  using  letter  and  space  sequences, 

oi  appioumaielv  on  peivcni,  The  entire  process  is 
din  . I l.ilci!  in  I'  Ig.  I . 

I til-,  i a large  figure  and  any  coniniiiiuculinri  system 
•a  I oi  1 1 loti inti",  .o  uimh  redundancy  is  in  some  sense 

’ll"'  Hi  i mi  t it  in  is  not  ns  had,  however,  as 

ntifli t at  lost  In'  imagined.  This  is  a noisy  system. 
In  purl,  at  least,  it  is  unavoidably  noisy.  It  is  also  a 
system  with -a  low  tolerance  for  error  -planes  ure  more 
expensive  than  iraiismishion  lime  or  band  width— :ttiid. 
redundancy  is  an  effective  means  of  combating  noise 
and  error.  In  other  words,  we  may  not  transmit  mudi 
inf*.': nia i ion,  ie.H  what  is  transmitted  is  important  and 
tin  high  degree  of  redundancy  is  a fnrm  of  insurance-"'- 
a wilt  ol  running  viii-ck  on  our  Ininsmission, 


